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GLUCOSE-6-PHOSPHATE DEHYDROGENASE IN HUMAN SKIN*
G. WEBER AND C. W. KORTING, M.D.
The detection of glucose-6-phosphate de-
hydrogenase (9) and of 6-phosphogluconate de-
hydrogenase (8) in human skin suggested the
presence of the hexose monophosphate shunt
pathway (HMP shunt), which previously had
been shown to exist in rat skin (1). Further
studies with glucose6C4 and glucose-i-C'4 in
epidermal slices (5, 7) have confirmed this
theory: the fact that CO2 derived from carbon-i
was liberated at a higher rate than that derived
from carbon-6 suggested that glucose was
metabolized via the shunt pathway, which is
known to entail decarboxylation of C-i.
When seen in conjunction with the detection
of the glycolytic enzyme aldolase, in human skin
(15, 17, 24), these findings indicate that both
glycolysis and HMP shunt are utilized in human
skin.
With some reservations, the occurrence of
pentoses in human skin may be explained by the
presence of the HMP shunt. The detection of
pentoses in hair (2) as well as in normal (14, i6)
and pathological (3, 4, 6, 10) human skin seems
to indicate the involvement of an enzymatic
mechanism. This assumption is based on the
theory (2) that the pentoses, being products of
the nucleic acid metabolism, are formed via
enzymatic processes.
A comparison of pentose concentrations found
in various keratinous materials shows that human
hair contains 30 mg %, rabbit hair 200 mg % (2),
callus i27 mg % (4), and normal stratum cor-
ncum 180—340 mg % (6); in pathological proc-
esses, however, such as mycosis fungoides and
psoriasis vulgaris, pentosc levels were in the
order of 870 mg % (4) and of 613 (4) to 4,300
mg % (6), respectively. These values indicate
that the slow-growing human hair contains lower
pcntosc concentrations than does the faster grow-
ing rabbit hair, and that the pentose levels of the
normal horny layer are far below those of
psoriatic scales, which are produced by an in-
creased cpidermal turnover rate. This leads us to
the question whether high pentosc levels arc
associated with a higher rate of keratinization, as
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in the case of various enzymes and metabolitcs
(18, 19, 20, 21, 22). A preliminary step in the
elucidation of this problem, which is currently
being studied with the aid of ultra-red spec-
trography, was the demonstration of glucosc-6-
phosphate dehydrogenase (g-6-p-d) in various
substrates of human skin.
MATERIALS AND METHODS
The enzyme, g-6-p-d, was determined in fresh
post-mortem epidermis (Van Scott method of
separation) and in cutis, in blister tops, in the
fluid of spontaneous and cantharidin-induced
blisters, and in psoriatic scales. The freshly ob-
tained material was homogenized in buffer solu-
tion at +2° C. in a Potter-Elvehjcm apparatus;
after extraction and centrifugation, the super-
natant was analyzed. Determinations in blister
fluid were carried out following dilution with
buffer solution (1:1 to 1:5, depending on the
amount of starting material) and centrifugation
at 1,600 g/min for 10 minutes, in order to remove
cellular constituents. The method of enzyme
detection closely followed that described by
Kornbcrg and Horecker (11).
Solutions
1) 5 X 10—2 M trietbanolamine buffer, pH 7.6;
5 X l0 M sodium salt of ethylenediamine tetra-
acetic acid.
2) i.0 X 10 M triphosphoridine nucleotide
(TPN).
3) 4.1 X 102 M glucose-6-phosphate (sodium
salt).
In a photometer tube (10 mm layer thickness),
1.85 ml of solution I, 1.0 ml of the test solution,
and 0.1 ml of solution II were mixed and allowed
to stand at room temperature for 5 minutes,
after which 0.05 ml of solution III was added; 1
minute later, the extinctions were measured five
times at 60 second intervals in the Zeiss spectro-
photometer, at 366 mit. The enzyme units were
obtained by multiplying the mean extinction
difference per minute by the factor calculated for
366 mp (Boehringcr & Sochnc, Mannhcim). The
activity units of g-6-p-d found in the various
extracts were expressed in terms of 10 mg total
nitrogen (determined by the Kjcldahl method).
RESULTS
Comparison of Figs. 1—4 shows the highest
g-6-p-d activity (i935-5400U) to exist in mechani-
cally separated epidermis. In epidermis separated
by blister formation (in dermatitis herpetiformis
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In: Units:
Epidermis (post-mortem) 1935
Epidermis 2281
Epidermis 2927
Epidermis 4545
Epidermis 5400
Epidermis separated by blister formation:
Pemphigus vulgaris 243
Dermatitis herpetiformis (Duhring) 253
Porphyria cutanea tarda 286
In the Blister Fluid of: Units:
Pemphigus vulgaris 28
Pemphigus vulgaris 36
Dermatitis herpetiformis (Duhring) 48
Dermatitis herpetiformis (Duhring) 63
Porphyria cutanea tarda 68
Cantharidin blister 0
Cantharidin blister 0
Duhring and porphyria cutanea tarda), the
enzyme activity was reduced to about one-tenth,
and a further reduction to about one-hundredth
was seen in the fluid of spontaneous blisters (Fig.
2). The possibility that these latter results actu-
ally represent the initial enzyme activity of
spontaneous blister fluid seems remote, since the
enzyme is rapidly inactivted in serum; however
the slow rate at which blister formation proceeds
permits no definite clarification of this problem.
The assumption of a rapid inactivation of g-6-p-d
in blister fluid is confirmed by results obtained in
blood serum (12). On the other hand, our findings
in psoriatic scales (Fig. 3) indicate that g-6-p-d
levels in human skin may be stable for prolonged
periods of time. In psoriatic scales, the g-6-p-d
activity was up to 4 times as high as that found
in blister fluid, possibly due to the "instant de-
hydration" of the horny layer (13). It should be
emphasized that the g-6-p-d activity increased
with the acuteness of the psoriatie lesions. This
finding is consistent with previous observations on
the behavior of g-6-p-d in the blood serum of
In: Units:
Psoriatie scales 66
Psoriatic scales 66
Psoriatie scales 70
Psoriatic scales 88
Psoriatie scales 94
Psoriatie scales 95
Psoriatic scales 100
Psoriatic scales 107
Psoriatio scales 141
Psoriatie scales 145
Psoriatic scales 190
Psoriatic scales 235
FIGURE 4
A ctivity of glucose-C-phosphate dehydrogenase
(in terms of 10 my N2)
In: Units:
Dermis (post-mortem) 35
Dermis (post-mortem) 71
Dermis (post-mortem) 79
Dermis (post-mortem) 124
Dermis (post-mortem) 143
Dermis (post-mortem) 374
psoriatie patients (23), but does not necessarily
indicate a direct relationship between enzyme
activity and rate of epidermal turnover.
As shown in Fig. 4, the g-6-p-d activity found
in the eutis ranges from 35 to 374 units; in spite
of this rather wide range, it is obvious that the
values are well below those found in the epider-
mis. This is consistent with previous quantitative
histoehemical studies (9) which showed a less
conspicuous, but still significant difference in the
enzyme activity of the epidermis and the upper
and lower portions of the cutis.
sUMMARy
Our results indicate that g-6-p-d, an enzyme
involved in the pentose phosphate cycle, is pres-
ent in high concentrations in the human epi-
dermis; it is also demonstrable—though in lower
concentrations—in psoriatic scales. In epidermis
separated by blister formation and in blister
fluid, the enzyme activity is greatly reduced. The
FIGURE 1 FIGURE 3
Activity of glucose-C-phosphate dehydroyenase Activity of glucose-C-phosphate dehydrogenase
(in terms of 10 my N2) (in terms of 10 my N2)
FIGURE 2
Activity of glucose-C-phosphate dehydroyenase
(in terms of 10 my N2)
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g-6-p-d activity found in the epidermis is
markedly higher than that in the human eutis.
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